Elucidation of the complete ferrichrome A biosynthetic pathway in Ustilago maydis.
Iron is an important element for many essential processes in living organisms. To acquire iron, the basidiomycete Ustilago maydis synthesizes the iron-chelating siderophores ferrichrome and ferrichrome A. The chemical structures of these siderophores have been elucidated long time ago but so far only two enzymes involved in their biosynthesis have been described. Sid1, an ornithine monoxygenase, is needed for the biosynthesis of both siderophores, and Sid2, a non-ribosomal peptide synthetase (NRPS), is involved in ferrichrome generation. In this work we identified four novel enzymes, Fer3, Fer4, Fer5 and Hcs1, involved in ferrichrome A biosynthesis in U. maydis. By HPLC-MS analysis of siderophore accumulation in culture supernatants of deletion strains, we show that Fer3, an NRPS, Fer4, an enoyl-coenzyme A (CoA)-hydratase, and Fer5, an acylase, are required for ferrichrome A production. We demonstrate by conditional expression of the hydroxymethyl glutaryl (HMG)-CoA synthase Hcs1 in U. maydis that HMG-CoA is an essential precursor for ferrichrome A. In addition, we heterologously expressed and purified Hcs1, Fer4 and Fer5, and demonstrated the enzymatic activities by in vitro experiments. Thus, we describe the first complete fungal siderophore biosynthetic pathway by functionally characterizing four novel genes responsible for ferrichrome A biosynthesis in U. maydis.